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SUMMARY 

This Monitoring Plan describes environmental monitoring that Constantine will continue to 
perform under this Phase II Plan of Operations. 

Constantine has completed a variety of environmental and characterization studies which 
include Acid Base Accounting, Aquatic Resources, Cultural Resources, Geology, Geotechnical, 
Water Quality, Groundwater Hydrology, Meteorology, Snow and Avalanche, Wetlands, Wildlife 
and Wildlife Habitat as a major step in characterizing the natural environment in the project 
area. Information derived from these studies was integrated into the project designs and plans 
with the intent of preventing unnecessary or undue degradation to the environment.  

The monitoring done to-date has been largely motivated by Constantine’s own initiative to 
understand the natural environment in which they operate and develop plans that are as least 
intrusive as possible.  Except for the storm water inspections, and potentially the groundwater 
monitoring of the LAD monitoring wells, none of the monitoring described in this plan is required 
by regulation but some of it may become a requirement of one or more forthcoming permits.  

The data from these efforts contribute to a fundamental understanding of the natural 
environment in the project area, including a baseline of environmental conditions.  They define 
an environmental backdrop against which Constantine can detect changes, over time, 
including those that might be detected concurrent with project activities.   

Constantine will continue to perform the following monitoring as part of its ongoing exploration 
efforts at Palmer: 

 Surface water quality sampling and flow measurements at sites P01, P27 in Glacier Creek, 
P25 in Waterfall Creek and P26 in Hangover Creek 

 Meteorological monitoring at two existing stations in Glacier Creek and the ridge above 
the South Wall north of Glacier Creek 

 Leachate sampling from the 4 ABA sample barrels located in Glacier Creek Valley 

 Visual monitoring and periodic geochemical sampling of development rock from the 
underground exploration ramp 

 Underground seepage flow monitoring and water quality sampling in the proposed 
exploration ramp 

 Flow monitoring of discharge from the portal to the settling ponds  

 Flow monitoring of discharge from the portal to the upper diffuser 

 Groundwater level monitoring in 8 drillholes, and two monitoring wells near the lower 
diffuser 

 Shallow groundwater quality sampling in monitoring wells above and below the lower 
diffuser and initiate new monitoring of a shallow groundwater well below the upper 
diffuser 
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 Stormwater inspections as required by the Construction General Permit and Multi-Sector 
General Permit 

 Incidental wildlife sightings by project personnel 

Each is discussed in this monitoring plan. This plan is considered a living document subject to 
change in response to new information or changes in monitoring or new permitting 
requirements. Constantine reserves the right to modify this plan for any reason except for any 
monitoring that is, or becomes, a requirement under a permit or authorization.
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1.0 ENVIRONMENTAL MONITORING 

Constantine has been performing several environmental monitoring and characterization 
programs for the project starting as early as 2008.  Most of these efforts started in 2014.   

Past environmental monitoring and characterization studies have included Acid Base 
Accounting, Aquatic Biology, Cultural Resources, Geology, Geotechnical, Water Quality, 
Groundwater Hydrology, Meteorology, Snow and Avalanche, Wetlands, Wildlife and Wildlife 
Habitat as an important step in characterizing the natural environment in the project area. 
Information derived from these studies was integrated into the project designs and plans, with 
the intent of preventing unnecessary or undue degradation to the environment.  

The monitoring and characterization work done to-date has been largely motivated by 
Constantine’s initiative to understand the natural environment in which they operate and to 
develop project plans that are compatible with the local environment.   

The data from these efforts contribute to a fundamental understanding of the natural 
environment in the project area, including a baseline of environmental conditions.  They define 
an environmental backdrop against which Constantine can detect changes, over time, 
including those that might be concurrent with project activities. 

This monitoring plan describes all the monitoring that Constantine will perform as part of their 
continuing exploration activities for the Palmer Project.  Except for the storm water inspections, 
none of the monitoring described in this plan is currently required by regulation. However, 
Constantine has applied for several permits and approvals, and some of the monitoring 
proposed here, and potentially additional monitoring, may be required as stipulations in those 
forthcoming permits and approvals.  

This monitoring plan will be updated as required to accurately reflect the monitoring that 
Constantine is performing.   Constantine reserves the right to change this plan, except for 
monitoring that is, or becomes, a requirement under any of the project permits or authorizations. 

1.1 Surface Water Monitoring 

Constantine has been performing surface water quality sampling since 2008 from as many as 27 
stations, and surface water quantity measurements from 13 stations since 2014. Details regarding 
this baseline sampling is available (Integral 2018; and Appendix B of Waste Management Permit 
Application).  The sampling completed to date serves to establish a robust baseline of water 
quality and flows in, and surrounding, the Palmer project area. Now that Constantine has 
characterized the surface water quality and flows in the broader Palmer project area, the 
company plans to reduce the total number of surface water quality and flow sample sites. 
Reductions in the scope of environmental baseline monitoring are common for advanced 
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exploration projects following collection of sufficient data to characterize an area somewhat 
larger than the anticipated footprint of the project.   

 

1.1.1 Surface Water Quality Monitoring 

Constantine will continue water quality sampling at sites P01 and P27 in upper and mid-Glacier 
Creek, respectively, P26 in Hangover Creek and P25 in Waterfall Creek as shown in Figure 1 Error! 
Reference source not found.. during the underground exploration program.  These sites are the 
most relevant sites for detecting any significant change in water quality, over time, that may be 
coincide with Constantine’s underground exploration activities which are restricted to the upper 
Glacier Creek area.  Sampling frequency will generally be 4 x/year in the ice-free months. Water 
quality sampling and analytical procedures will remain unchanged and be performed in 
accordance with Constantine’s QAPP, prepared by Integral Consulting in 2018 and included as 
an appendix to this monitoring plan.  

Samples are analyzed by ALS for conventional parameters, settleable solids, cations/anions, 
total/dissolved metals and field parameters are also collected at each site during the sampling 
event.  Table 1 provides the list of parameters and measurement quality objectives for the 
surface water quality samples.  

The following parameters will be measured for surface water samples:  

• Field parameters – Field measurements of general water quality characteristics, 
including conductivity, dissolved oxygen, oxygen-reduction potential (ORP), pH, 
temperature, and turbidity, will be taken at all sampling stations, in accordance 
with the QAPP (Integral 2018).   A YSI multiprobe will be used for dissolved 
oxygen, pH, temperature, and conductivity measurements.  A LaMotte turbidity 
meter will be used for turbidity measurements. If these instruments will be not 
available, equivalent instruments that meet method requirements will be used 
and calibrated per the manufacturer instructions.  

• Conventional parameters – Conventional analyses will be performed by the ALS 
laboratory included acidity, hardness as CaCO3, total dissolved solids (TDS), and 
total suspended solids (TSS).   

• Cations/anions – Major cations and anions that are typically analyzed including 
alkalinity as CaCO3, bromide, chloride, fluoride, nitrate, combined nitrate/nitrite, 
sulfate, and ammonia.   

• Total/Dissolved Metals – Thirty-three metals will be analyzed for both the total and 
dissolved fraction. 
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Figure 1. Surface Water Quality Monitoring Stations for Underground Exploration Program 
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1.1.2 Surface Water Flow Monitoring 

Constantine has been monitoring surface water flows (aka hydrology) at 13 sites in Glacier 
Creek since 2014. Outside the project area water levels are measured at two USGS stations and 
Constantine’s station P14B (a.k.a. station KR).   Details are on baseline hydrological conditions 
are available elsewhere (Integral 2018).   

Glacier Creek and its tributaries provide the primary drainage within the Palmer project 
boundary, ultimately flowing into the Klehini River. 

When it is safe to do so (dangerous during high flows) Constantine will continue to measure 
stream flows at the same four sites that it will continue to monitor surface water quality: P01, P27, 
P25 and P26 as illustrated in Figure 1. 

1.2 Groundwater Monitoring 

Constantine has been performing groundwater quality sampling and monitoring water levels in 
drillholes which it plans to continue.  It also intends to start monitoring underground seepage 
inflows as the proposed underground ramp advances.  Each are described in more detail 
below. 

1.2.1 Groundwater Quality Monitoring 

Constantine has been performing groundwater quality sampling since 2014.  A primary objective 
of the sampling was to characterize groundwater as a step in predicting the quality of seepage 
water inflows into any future underground ramp. Sampling was performed in accordance with 
Constantine’s QAPP. 

Two drillholes with artesian flow (site P17 at drillhole GT-14, and site P29 at drill hole GT17-05) are 
routinely sampled, during the snow-free season.  Site P17 is a horizontal hole at the South Wall 
prospect, which can be used to characterize subsurface drainage associated with the hanging 
wall basaltic rocks of the mineralized South Wall zone and site P29 is also a horizontal hole 
characterizing subsurface drainage associated with the Jasper Mountain basalts.  In addition to 
the drillholes, Constantine also samples a spring at the base of Paddy’s Pocket referred to as site 
P19. 

In 2018 Constantine developed two groundwater monitoring wells above and below the 
proposed LAD lower diffuser site (MW01 and MW02, respectively).  Groundwater monitoring sites 
are depicted on Figure 2 and Figure 3. The results of the sampling are being used to characterize 
the natural groundwater conditions for the area and in part to predict the water quality of the 
anticipated underground seepage water. The monitoring wells above and below the lower LAD 
diffuser have only been sampled three times so far but they are being used to characterize the 
shallow groundwater in the vicinity of the lower LAD diffuser and to provide a basis for 
comparison after Constantine starts discharging water through the lower LAD diffuser. 
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Constantine also intends to develop a shallow groundwater well down-gradient of the proposed 
upper LAD diffuser in 2019 and will begin monitoring then. Monitoring these sites is being done 
currently as part of Constantine’s voluntary baseline monitoring program and may modify the 
monitoring of some of these sites.  However, Constantine is committed to monitoring 
groundwater quality in MW-01, 02 and 03 and in the new monitoring well proposed for 2019 
below the upper diffuser as shown in Figure 2 and Figure 3. 

Constantine intends to continue groundwater sampling, including sampling select underground 
seepage water inflows. Constantine will continue to sample groundwater at the two LAD wells 
and underground seepage water as it leaves the portal. These samples will be collected 
quarterly and in accordance with the QAPP. 

 

Figure 2.  Groundwater Monitoring Location Map 
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Figure 3. Groundwater Monitoring Location Map for Underground Exploration Program 

 

1.2.2 Groundwater Level Monitoring 

Constantine has measured groundwater levels in 10 drillholes using pressure transducers and 
continues to do so in eight of these as listed in Table 2 and illustrated in Figure 2. Monitoring in 
two of these holes was terminated. The original wells have more than a three-year water level 
record.  

The groundwater level monitoring well data are evaluated on a two-year cycle. The last full 
evaluation was in 2016.  Constantine will continue to monitor the water level in these 8 drillholes.   

Constantine also has transducers in MW-01 and MW-02 above and below the lower LAD diffuser 
site and will monitor groundwater levels in these wells. 

 



 

10 

 

Table 2. List of Groundwater Level Monitoring Wells 

 

1.2.3 Underground Seepage Monitoring 

After Constantine begins excavating the exploration ramp it will collect seepage water quality 
samples on an opportunistic basis. For example, when there is enough seepage inflow to 
provide a sample, samples will be collected on a quarterly basis.    

Constantine may have opportunities to sample pristine seepage water (i.e. from pilot or 
exploration drillholes). If artesian drillholes are encountered Constantine will install a valve in at 
least one of these holes to provide opportunities for quarterly sampling.    

Modeling of predicted seepage inflow volumes performed by Tundra (2018) suggests that 
inflows may increase toward the far end of the proposed underground ramp.  Under this 
circumstance there may be increased opportunities to collect seepage samples as the ramp 
advances.   

Constantine will also monitor the quantity of underground seepage water inflows underground 
by measuring the flow in the water discharge pipe at the portal, as the water is conveyed to the 
settling ponds and or upper diffuser.   

Finally, Constantine will monitor the area below the upper and lower LAD diffusers for signs of 
new seeps that might result from the discharges.   

1.3 Storm Water Monitoring 

Constantine is doing requisite storm water monitoring (inspections) currently under its 
Construction General Permit (CGP AKR100000) to manage storm water runoff from its road 
construction and other surface disturbance activities. Constantine has developed a SWPPP that 
describes the storm water inspections it will perform during the activities described in this Plan of 
Operations. The inspection location and scope are defined by the CGP in section 6.4. 
Inspections are performed on a weekly schedule (excluding winter shut-down periods) as 
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required by section 6.1 of the CGP that applies to sites where the mean annual precipitation 
exceeds 40 inches. An inspection report will be completed for each inspection in accordance 
with CGP section 6.7. Upon completion of all surface construction activities (settling ponds, LAD, 
diffuser, portal pad) Constantine will be transitioning over to the Multi-Sector General Permit 
(AKR060000) for stormwater at the start of underground ramp development activities and will 
follow monitoring/inspection schedule in the MSGP SWPPP.   

1.4 Development Rock Monitoring 

Constantine initiated a rock characterization program in 2014.  The purpose of the program was 
to characterize the various rock types at Palmer in terms of their capacity to generate acid 
and/or leach metals (ARD/ML) into the environment if they were subjected to the surface 
weathering environment.  The study was expanded in 2017 to include additional core samples 
and surface outcrop samples that are representative of the rock types that will be intersected 
by the underground ramp proposed in this Plan of Operations. Presently 101 rock samples from 
drill core and surface outcrops have been analyzed to generate a baseline ARD/ML 
characterization of the rocks that Constantine will encounter in the proposed underground 
ramp. 

The results of that work are illustrated in Table 5 and indicate that the rocks that the ramp will 
intersect will be non-PAG and that Constantine is unlikely to intersect any PAG rock during the 
excavation of the underground exploration ramp or any rock that is likely to leach significant 
metal into the environment, after being exposed to the environment on the surface.  

Nonetheless, Constantine will implement the following monitoring and segregation activities for 
development rock generated while excavating the underground exploration ramp: 

 Constantine will utilize a geologist to perform the following inspection of each round of 
development rock before it is disposed of on the surface 

o Visually examine the rock and determine its predominant lithology (volcanic 
basalt, intrusive rock, sedimentary rock, other). 

o Visually estimate the types of sulfide minerals in the rock and the percentage of 
each type. 

o Apply weak hydrochloric acid to the rock to determine the presence or absence 
of effervescent carbonate minerals.   

o Deem the round as non-PAG if it contains 2% or less sulfide. If the round contains 
more than 2% sulfide it will be characterized as PAG and it will be temporarily 
segregated and stored on the temporary rock stockpile (near the settling ponds) 
pending the laboratory ABA analytical results of a sample collected by the 
geologist.   

o Record the observations of the geologist and keep them in a digital file. 
Constantine will have a system of uniquely identifying each round and keep 
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records of the visual examination of each round and a map that shows where 
the round originated in the underground ramp. 

If the round is determined to be non-PAG it will be repurposed for construction purposes, snow 
deflection structures, or permanently disposed of in one of the development rock storage 
locations on the surface.  

If ABA geochemical analyses confirm that that rock is PAG then it will remain on a lined storage 
pad and eventually be placed back underground as described under the Reclamation Plan for 
Permanent Closure contained in the Phase II Plan of Operations.  

Constantine will also perform quarterly random grab sampling of development rock that has 
been placed in any of the snow deflection structures or other non-PAG rock disposal areas 
during that quarter.   Two quarterly samples will be collected from each active disposal area. 
The purpose of this sampling is to confirm the non-PAG character of this material through ABA 
geochemical analyses.  A reasonable effort will be made to sample material that has been 
placed in that quarter.  Descriptions and locations of the samples will be recorded and mated 
with the analytical results as it becomes available.    

Table 3. Summary of Acid Base Accounting Results by Rock Type for Samples 
Representative of the Proposed Exploration Ramp.  

 

1.5 Wildlife Monitoring 

Wildlife and Terrestrial studies were initiated by consultant Hemmera in 2014 and performed 
seasonally through 2017. Wildlife habitat mapping and assessment for suitability for wildlife 
species of interest was done and resident species of interest were identified.  Bird surveys (song 
birds and birds of prey) were also completed.  Mountain Goat populations in the project area 
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are seasonally surveyed via fixed-wing aircraft (since 2014).  Incidental wildlife observations are 
reported by Palmer Project employees using digital geo-referenced reporting forms. Constantine 
personnel have identified the following wildlife in the area: black and brown bear, mountain 
goat, coyote, wolf, red fox, moose, Steller’s Jay, Rock Ptarmigan, Belted Kingfisher, Golden 
Eagle, Red-tailed Hawk, Hoary Marmot and ground squirrels.  

Going forward Constantine will continue the incidental wildlife observation program that is 
implemented by project personnel.   

1.6 Meteorological Monitoring 

Precipitation, temperature, solar radiation, wind speed and direction, relative humidity and snow 
depth data are collected at one station along the existing Glacier Creek access road, and 
temperature, wind speed and direction data (primarily to assist with avalanche forecasting) are 
collected from a second station, located on the ridge north of Glacier Creek (South Wall).  The 
station on the access road has been operational since 2014 and the other since 2016. The data 
are collected in accordance with a QAPP for each station.  Monitoring will continue at both 
stations.  
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 Water Quality Sampling QAPP  

 


